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High-resolution spin- and angle-resolved photoemission spectroscopy measurements were performed on
the three-dimensional topological insulator Bi2Te2.4Se0.6, which is characterized by enhanced thermoelectric
properties. The Fermi level position is found to be located in the bulk energy gap independent of temperature
and it is stable over a long time. Spin textures in the Dirac-cone state at energies above and below the Dirac
point as well as in the Rashba-type valence band surface state are observed in agreement with theoretical
prediction. The calculations of the surface electronic structure demonstrate that the fractional stoichiometry
induced disorder within the Te/Se sublattice does not influence the Dirac-cone state dispersion. In spite of
relatively high resistivity, temperature dependence of conductivity shows a weak metallic behavior that could
explain the effective thermoelectric properties of the Bi2Te2.4Se0.6 compound with the in-plane Seebeck coefficient
reaching −330 μV/K at room temperature.
DOI: 10.1103/PhysRevB.89.125416 PACS number(s): 73.20.−r, 79.60.−i
I. INTRODUCTION
Rapid development of spintronics aimed at creation of spin-
current devices stimulates intense investigations of systems
where nondissipative spin transport, spin-current control, and
separation of electrons with different spin orientation are
possible. The very promising materials in this respect are
topological insulators with unique spin electronic structure.
Topological insulators (TIs) are characterized by an insulating
energy gap in the bulk and the gapless spin-polarized metallic
surface states with linear Dirac-cone-like dispersion in the
energy-momentum space with spin of electron locked per-
pendicular to its momentum (see, for instance, Refs. [1–9]).
Owing to the opposite spin orientation for opposite sign of
momentum, the topological surface states (TSSs) are protected
from backscattering resulting in spin currents with reduced
dissipation.
The electronic and spin structures of the surface states
for a wide class of TIs are well studied by spin- and angle-
resolved photoemission spectroscopy (SARPES), in the first
instance, for the Bi2Se3 and Bi2Te3 compounds [5–7]. These
prototypical compounds are characterized by a relatively wide
bulk energy gap (∼0.3 eV for Bi2Se3 and ∼0.15 eV for
Bi2Te3) and a single Dirac cone of the topological surface
state at the ¯ point. Typically, they are n-type compounds
with the Dirac point located inside the bulk energy gap at
energies of 0.1–0.4 eV below the Fermi level [1,5–7,10]. Such
features of the electronic structure are mainly determined
by the Se vacancies in Bi2Se3 and Bi-Te antisite defects in
Bi2Te3 [7,11]. Investigations of the Dirac-cone spin structure
in these topological insulators confirmed its antisymmetric
spin polarization with respect to k‖ [7,12,13].
Recently, it was demonstrated that ternary compounds
based on binary TIs show a rich variety of TSSs [3,8,9,14–17]
including buried TSSs [3,8] and occupied and unoccupied
TSSs in local energy gaps [8,18,19]. Some of these compounds
possess extraordinary wide fundamental energy gaps and
nearly ideal Dirac cones [8,15]. It was also shown that
the modification of such features of the electronic structure
as the position of the Dirac point relative to the Fermi
level and to the bulk valence band edge, the absence of
bulk conduction band states at the Fermi level, etc., can be
efficiently controlled by means of a variation of the third
component concentration [1,5–7,9,20] or by diluted metal
atom doping [7].
The ternary topological compounds Bi2Se2Te and Bi2Te2Se
were studied by SARPES [20], ARPES with circular light
polarization [21], and angle-resolved two-photon photoemis-
sion [18] with analysis of their spin texture. In contrast to
the binary compounds, Bi2Te2Se is characterized by a higher
insulating gap resistivity [11,22]. In such compounds, the
central Te (Se) layer in Bi2Te3 (Bi2Se3) is substituted for the Se
(Te) layer. It was shown [9] that the change of the concentration
of Bi and Se in ternary Bi-Te-Se TIs leads to the shift of both the
Fermi level position into the bulk energy gap and the position
of the Dirac point relative to the valence band, which result
in the change of the surface-state contribution to the conduc-
tivity. Ternary Bi-Te-Se TIs exhibit a temperature-dependent
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resistivity typical for bulk insulators [22]. The low-temperature
resistivity for these compounds is much as two to three orders
of magnitude higher than that in Bi2Se3 [22], meaning that
they are characterized by much better insulating properties
as compared to prototypical TIs. Moreover, as it was shown
in Refs. [23,24], the Bi2Te2.4Se0.6 alloy has the widest band
gap among Bi2Te3−xSex and exhibits enhanced thermoelectric
properties and good quantum transport properties [11,25–27],
thus, the detailed analysis of the electronic structure of this
compound is required.
Aside from the topological surface state in the bulk band
gap, Rashba-type spin-split surface states reside in the valence
and conduction bands of Bi2Se3, Bi2Te3, and Sb2Te3 [5,18,28].
In addition to these states, quantized Rashba-type states below
the conduction band bottom (inside the bulk band gap) and
M-shaped states inside the valence band local gap can arise
as a result of adsorption of residual gases and of a variety
other species. Such states can be formed due to confinement
of the bulk conduction and valence band states in a quantum
well which develops in a thin surface layer if band bending
produced by adsorption [29–31] or intercalation of adsorbates
into the van der Waals spacings [32,33] are significant.
This work aims to provide a detailed experimental and
theoretical investigation of the electronic and spin structures of
topological and Rashba-type surface states in the Bi2Te2.4Se0.6
topological insulator. We show that this compound has remark-
able electronic properties, namely, the ideal spin-polarized
Dirac cone lies at the Fermi level where neither bulk conduc-
tion band states nor quantized Rashba split states are present.
Our calculation results based on density functional theory
(DFT) nicely reproduce the ARPES spectra and demonstrate
that the slope of the Dirac state dispersion is determined by
the Se concentration without any effect of disorder within the
Te/Se sublattice. SARPES and transport measurements allow
us to suggest the use of this ternary compound as a system
where a spin current can be generated from controlled thermal
or electrical gradients.
II. EXPERIMENTAL AND COMPUTATIONAL DETAILS
The experiments were carried out at the beamlines
UE112-SGM and U125/2-SGM of Helmholtz-Zentrum Berlin
(BESSY II) with linearly and circularly polarized light using
a Scienta R4000 energy analyzer and a Mott spin detector
operated at 26 keV. The light incidence angle with respect
to the sample normal was 45◦. SARPES measurements were
performed with linear p-polarized undulator radiation with the
polarization plane oriented parallel to the spin of the studied
states. Thereat, the variation of the polar angle (corresponding
to the variation of k‖) took place in the plane perpendicular to
the plane of the incident light polarization and parallel to the
slit of the analyzer. The schematic drawing of the geometry
of the experiment is shown in Fig. 1. For the measurements
with circular light polarization (clockwise and anticlockwise),
the same geometry of the experiment was used. Part of
these experiments were carried out at the Research Resource
Center of Saint Petersburg State University “Physical methods
of surface investigation” using the same detection geometry
in combination with a monochromatized discharge He-lamp
providing 21.2-eV photons. In these experiments, a slightly
FIG. 1. (Color online) Schematic drawing of the geometry of the
experiment. Variation of k‖ takes place by tilting the sample in the
plane perpendicular to the plane of polarization of the incident light.
Linear p and circularly polarized photons are used. The measured
in-plane orientation of spin is parallel to the plane of the incident
light polarization.
different light incidence angle of 65◦ relative to the surface
normal was used.
The n-doped samples with stoichiometry of Bi2Te2.4Se0.6
were grown from a previously synthesized mixture of Bi2Te3
and Bi2Se3 compounds using a modified vertical Bridgman
method [34]. Before measurements, the samples were cleaved
in situ at room temperature in ultrahigh vacuum. For mea-
surements at cryogenic temperature (18 K) the samples were
cleaved at 18 K directly at the manipulator. The base pressure
in the experimental chamber during the experiments was below
1–2 × 10−10 mbar.
The Hall resistance Ryx and the resistance Rxx were
measured in the Hall bar geometry by a standard six-probe
method on rectangular samples on which the contacts were
made with indium at the perimeter. The magnetic field was
swept between 2 T at fixed temperatures and was always
applied perpendicular to the samples. The Seebeck coefficient
was measured by connecting one side of the sample to a heated
metal block and the other side to a heat sink kept at room
temperature, maintaining a temperature difference between
both sides below 5 K.
The electronic band calculations on ordered Bi2Te3 and
Bi2Te2Se [Figs. 2(a) and 2(b)] were performed within the
DFT formalism as implemented in VASP [35,36]. We use
the all-electron projector augmented wave (PAW) [37,38]
basis sets with the generalized gradient approximation (GGA)
of Perdew, Burke, and Ernzerhof (PBE) [39] to model
the exchange-correlation (XC) potential. Relativistic effects,
including spin-orbit interaction (SOI), were fully taken into
account.
The atomic positions were obtained during a relaxation
procedure at a fixed volume until forces became less than
1.0 × 10−6 eV/ ˚A. Our total energy estimations within a
supercell approach revealed that substitution of a Te atom
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FIG. 2. (Color online) Atomic structure of Bi2Te3 (a), Bi2Te2Se
(b), and Bi2Te2.4Se0.6 with different distribution of Se atoms in the
Te/Se sublattice: (c) homogeneous distribution; (d) distribution of Se
atoms in the central layer of QL.
in the central atomic layer of a quintuple layer (QL) of
Bi2Te3 by a Se atom has the energy gain of ∼40 meV
with respect to substitution in the outermost atomic layer.
To treat the disordered Bi2Te2.4Se0.6, we employed a virtual
crystal approximation (VCA) as implemented in the ABINIT
code [40], where the configuration averaged potential of a
“gray” atom occupying a site in the Te/Se sublattice is defined
as a mixture VVCA = xVTe + (1 − x)VSe of Te (VTe) and Se
(VSe) pseudopotentials. To address the effect of Se disordering
within the Te/Se sublattice on the bulk and surface electronic
structure of Bi2Te2.4Se0.6, two extreme types of disorder were
examined [see Figs. 2(c) and 2(d)]: (1) a case where Se atoms
are homogeneously distributed over three Te layers within the
QL (x = 0.8) and (2) a case where Se atoms substitute Te
atoms in the central atomic layer of the QL only (x = 0.4),
being the outermost atomic layers composed of Te atoms. We
used GGA-PBE Hartwigsen-Goedecker-Hutter (HGH) [41]
relativistic norm-conserving pseudopotentials which include
the SOI. In the VCA calculations, the atomic positions were
optimized too.
To simulate the (0001) surface, we consider six quintuple
layer slabs. A vacuum spacer of ∼12 ˚A was included to ensure
a negligible interaction between neighboring slabs.
III. ELECTRONIC AND SPIN STRUCTURE
Figures 3(a) and 3(b) show the ARPES spectra for
Bi2Te2.4Se0.6 measured along the ¯- ¯K direction of the surface
Brillouin zone (SBZ). Measurements were carried out directly
after sample cleavage at 18 K [Fig. 3(a)] and at room
temperature [Fig. 3(b)] using p-polarized light and a photon
energy of 52 eV. One can observe the topological surface
state with the Dirac point located at a binding energy of
about 0.28–0.33 eV which is comparable to the one obtained
for Bi2Se2Te and Bi2Te2Se compounds [20]. Similarly, in
Ref. [21], the position of the Dirac point for Bi2Te2Se was
estimated at a binding energy of about 0.23 eV. The linear
FIG. 3. (Color online) ARPES spectra along the ¯K- ¯- ¯K line
acquired at 52-eV photon energy for freshly cleaved surface at
(a) cryogenic (18 K) and (b) room temperatures, and (c) for the
aged surface.
dispersion of the topological surface state is well visible in
Fig. 3 both at 18 K and at room temperature. Variation of
the photon energy leads to a modulation of the photoemission
intensity for both the topological surface state and the valence
band states [Figs. 4(a) and 4(b)]. Measurements using the
discharge He lamp at 21.2-eV photon energy showed almost
the same position of the Dirac point (∼0.28 eV) [see Fig. 4(c)].
A shift of the Dirac point toward higher binding energies
and the appearance of the occupied states near the bottom
of the bulk conduction band are typically observed for Bi-
Te-Se topological compounds even at cryogenic temperatures
[29–31]. In these works, the observed states appeared around
the bottom of the conduction band and below the upper
edge of the surface-projected valence band gap. These states
appear at the surfaces of topological compounds due to the
band-bending effect caused by the n-type doping provided
by adsorption of residual gases or due to intercalation of
impurities into the van der Waals spacings. In contrast, in
Bi2Te2.4Se0.6 we occasionally observed the shift of the Dirac
point toward lower binding energies within 50 meV [Fig. 3(c)].
For the perfectly cleaved samples, the surface Fermi level
position was constant for a long time reflecting the surface
inertness to adsorbates [42]. We did not observe any states at
the Fermi level related to the conduction band in the spectra
using a wide range of photon energies including 21.2 eV. The
surface stability can be explained by the low concentration of
surface defects in our samples grown by modified Bridgman
method [42,43]. The energy shift of the Dirac point toward the
Fermi level with time can be related to the adsorption of the
residual oxygen-contained gases at the surface, in contrast to
the case of CO adsorption which leads to a shift of the Dirac
point in the opposite direction [31]. Owing to the surface
FIG. 4. (Color online) ARPES spectra measured at room temper-
ature with different photon energies: (a) 57 eV and (b) 47 eV using
synchrotron radiation and (c) at 21.2 eV using the discharge He lamp.
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FIG. 5. (Color online) (a) Band spectra of 6 QL slabs of Bi2Te3,
Bi2Te2Se, and Bi2Te2.4Se0.6 with different Se disordering in the latter
system; zero energy corresponds to the top of the bulk valence band.
(b) ARPES measurement at 52-eV photon energy on Bi2Te2.4Se0.6
with overlaid surface band structure obtained from DFT calculations.
inertness, the Fermi level lies always (even after long-time
exposure to residual gas in ultrahigh vacuum conditions) inside
the bulk energy gap.
Next, we discuss the calculated energy spectra of
Bi2Te2.4Se0.6 by comparing it with the ordered Bi2Te3 and
Bi2Te2Se compunds. In Fig. 5(a), one can see that the top of
the bulk valence band states of Bi2Te2.4Se0.6 is located in the
¯- ¯M plane at k‖ ≈ 0.27 ˚A−1 as it is the case in Bi2Te3.
The Dirac point position in Bi2Te2.4Se0.6 slightly varies with
the type of Se disordering (−167 and −179 meV for types 1
and 2, respectively) and lies deeper relative to the upper edge of
the valence band states as compared to the ordered compounds.
The figure demonstrates also the variation of the ¯ edge of the
bulk conduction band on the type of Se disordering. The lowest
unoccupied ¯ state for type-1 case lies just ∼20 meV above
the ¯ edge in Bi2Te3, while it is 56 meV higher for type-2
Bi2Te2.4Se0.6. The calculated Dirac-cone dispersions along
the ¯K- ¯- ¯K direction for Bi2Te3, Bi2Te2Se, and Bi2Te2.4Se0.6,
superimposed on the experimental ARPES results, are shown
in Fig. 5(b). Here, the binding energies of the calculated Dirac
points are aligned with respect to the experimental one. As one
can see, in Bi2Te2.4Se0.6 the group velocity of the surface states
above the Dirac point has approximately intermediate value
between those in Bi2Te3 and Bi2Te2Se. The dispersion of the
Dirac cone is almost independent of the type of Se disordering
demonstrating an excellent agreement with the experiment.
The ARPES results in Fig. 6(a) reveal several bright spectral
features dispersing deep into the valence band which can
be mostly identified with the calculated spin-polarized trivial
surface states shown in Fig. 6(b).
In addition to the direct measurement of the spin structure
by means of SARPES, we have used angle-resolved pho-
toemission with left- and right-circular polarization of the
incident light. These types of measurements are much less time
consuming in comparison to the direct method of spin-resolved
photoemission. The possibility of using circularly polarized
photons to obtain information about the peculiar spin structure
of TSSs was investigated in several papers [21,44–49] for both
the prototypical TIs Bi2Se3 and Bi2Te3 [44–49] and the mixed
FIG. 6. (Color online) ARPES (a) and DFT (b) spectra of the
occupied electronic states of Bi2Te2.4Se0.6 along ¯K- ¯- ¯K; in panel
(b) circles represent weights of the states, localized in the outermost
QL, multiplied by value of in-plane spin components (red and blue
colors denote positive and negative values of spin, respectively).
compound Bi2Te2Se [21]. Part of these works have shown
that the ARPES signal obtained from circular dichroism in
the angular distribution (CDAD) can not be interpreted only
in terms of the initial states, as it depends on the coupling
between initial and final states via photoemission matrix
elements [21,49], on the interaction between bulk and surface
states [21], and on the photon energy [21,49]. In particular, the
effect of CDAD in ARPES has been shown to be very sensitive
to the symmetry of the final states reached at different photon
energies [49], a fact which leads to multiple reversals of the
circular dichroism asymmetry with photon energy when d-like
final states are reached in the photoemission process [49]. On
the other hand, circularly polarized photons might be used for
inducing a spin current with a well-separated spin structure,
as it was noted in Ref. [50]. In this context, photoelectron
spin manipulation with light polarization has been recently
observed in SARPES experiments on the topological surface
state of Bi2Se3 using linearly and circularly polarized 6-eV
laser photons [45,46]. It is important to mention that under
the condition of d-like final states, the recently observed spin
manipulation with light polarization contributes unobservably
to the measured photoelectron spin polarization. [46] Thus,
in order to perform SARPES experiments, measurements of
the circular dichroism asymmetry were used as a preliminary
test to identify the photon energies where the final states
entering the photoemission matrix elements are predominantly
d like [49].
Using the reversal of the CDAD effect with photon energy
as a probe of the character of the final states, we have
identified that this condition is fulfilled at 52-eV photon energy
where the circular dichroism asymmetry near the Fermi level
reaches a maximum absolute value of up to ∼40%. The
corresponding photoemission spectra measured at this photon
energy along the ¯K- ¯- ¯K direction at 18 K using clockwise
(right-handed) and anticlockwise (left-handed) circular light
polarization are presented in Figs. 7(a) and 7(b), respectively.
Figure 7(c) shows the corresponding momentum distribution
curves (MDCs) extracted at different binding energies for
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FIG. 7. (Color online) Circular dichroism of the topological sur-
face states of Bi2Te2.4Se0.6 measured along the ¯K- ¯- ¯K direction of
the SBZ. Angle-resolved photoemission intensity (E − k‖) measured
for (a) clockwise (right) and (b) counterclockwise (left) circular
polarization of the incident light. (c) MDCs extracted at different
binding energies for opposite circular polarizations and (d) the
corresponding dichroism dispersion.
both clockwise (blue color) and anticlockwise (red color)
circular polarizations. One can see in Fig. 7(c) that in the
upper Dirac-cone region (E = 0.1–0.2 eV; k‖ = ±0.1 ˚A−1),
the MDCs exhibit a pronounced intensity asymmetry upon
reversal of the light helicity. Simultaneously, such asymmetry
can also be distinguished for the states which are located near
the lower edge of the local gap in the surface-projected valence
band energy gap (E = 0.7–0.8 eV; k‖ = 0.3–0.5 ˚A−1), while
the exact intensity asymmetry for the lower Dirac cone is not
resolved in present circular dichroism measurements probably
due to the overlap with bulk valence band states [see the
corresponding dichroism dispersion in Fig. 7(d)].
The resulting spin structure for the Dirac-cone topological
surface and the valence band states measured by means of
SARPES is shown in Fig. 8. Similar to the results shown in
Fig. 7, a photon energy of 52 eV was used. The measured
spin orientation (Sin-plane) was locked perpendicular to k‖
(Fig. 1). The p polarization of the light was oriented parallel
to the spin directions to additionally minimize the influence
of the geometry of the experiment on the relation between the
resulting spin-polarized photoemission spectra and the initial-
state spin structure [44–46]. Figure 8(a) shows that the spin
polarization in the upper Dirac cone is inverted relative to the
surface normal. For the lower Dirac cone, the sign of the spin
polarization is opposite to that of the upper Dirac cone. Thus,
the presented spin structure of the topological surface state
is typical for Bi2Te3-(Bi-Te-Se)-Bi2Se3 series. Figure 8(b)
shows the spin-resolved energy dispersion curves (EDCs) for
the Rashba-type valence band surface states predicted by the
DFT calculation [Fig. 6(b)]. These states exhibit noticeable
spin polarization which increases with increasing k‖. The sign
of the spin polarization for the inner Rashba-type branch is the
same as for the upper Dirac cone that correlates well with the
theoretical calculations of the initial-state spin structure. Note
FIG. 8. (Color online) Spin-resolved EDCs measured at 52-eV
photon energy at room temperature in the ¯K- ¯- ¯K direction of the
SBZ (a) the Dirac-cone topological surface state and (b) the region
including the Rashba-type surface state located near the lower edge
of the surface-projected valence band gap. Panel (c) summarizes the
spin structure of the Dirac and Rashba-type states.
that the measurements of the circular dichroism asymmetry for
these states show a completely different behavior and therefore
this method is also not suitable to correctly identify the spin
structure of the Rashba-type valence band surface states.
IV. TRANSPORT MEASUREMENTS
The measured in-plane Seebeck coefficient of the
Bi2Te2.4Se0.6(0001) sample demonstrated a rather high value,
reaching approximately −330 μV/K at room temperature,
suggesting an n-type conductivity. This value exceeded the
in-plane Seebeck coefficient of Bi2Te3, equal to −280 μV/K.
Figures 9(a) and 9(b) show the temperature dependence of
the magnetoresistance MR (R/R) and the Hall resistance.
These data highlight several regimes. In the temperature range
between 100 and 300 K, both the MR and the Hall resistance
are quadratic and linear with the applied magnetic field up
to 2 T, respectively, and follow Boltzmann transport theory.
Between 100 and 25 K, the Hall resistance continues to
increase and shows nonlinear behavior for applied magnetic
fields higher than 1 T, reflecting the appearance of a second
carrier channel with higher mobility. The deviation of the MR
dependence from a quadratic function at 25 K confirms this
suggestion. Below 25 K, both the Hall resistance and the MR
decrease, a fact that can be explained by the compensation
effect induced by holes. The observed maximum of MR
is 10% at 25 K. Figure 9(c) shows the changes of the
electrical conductivity and Hall concentration as a function
of temperature. The magnitude of the resistivity at room
temperature is equal to 100 m cm, which is comparable
with that found in more complex Bi2−xSbxTe3−ySey series
125416-5
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FIG. 9. (Color online) Temperature dependence of the magne-
toresistance MR (R/R) (a), Hall resistance (b), and electrical
conductivity and Hall concentration (c).
of compositions [11]. Nevertheless, it can be seen that as
the temperature decreases, the conductivity increases leading
to metallic behavior, while the Hall concentration decreases
leading to semiconductorlike behavior. This discrepancy can
be explained by the increase of the electrons mobility with
decreasing temperature. At a temperature below 25 K, the
conductivity decreases while the concentration behaves in
the opposite way. The conductivity shows the lnT decrease
between 4 and 25 K, which can be due to the two-dimensional
electron-electron interaction effect observed in prototypical
TIs near the weakly disordered regime [51]. The changes of the
transport properties below 25 K can be explained by assuming
the bulk Fermi level shift within the bulk energy gap with
decreasing temperature.
The fact that the Fermi level in Bi2Te2.4Se0.6 crosses only
the TSSs makes this compound a promising candidate for the
observation of nondissipative surface spin transport. In this
respect, applying an electrical or thermal gradient, for instance
in the kx direction, should lead to the formation of electrically
(thermally) driven spin currents which propagate through the
topological surface state in a direction which is parallel to
the in-plane spin orientation, which at the same time must be
locked perpendicular to the momentum of electrons moving
under the applied electric (thermal) gradient.
Typically, the spin selection in spintronic devices based
on the spin filtering effect is produced with assistance of
ferromagnetic metals (FM). These metals are characterized
by a significantly different density of states at the Fermi
level for states with opposite spin orientation. Injection of
electrons with selected spin orientation from these states could
create the required spin selection in the forming spin current.
However, TIs can create the spin current itself without using
FM. In TIs, the spin selection takes place due to the unique
spin structure of the nondegenerated Dirac-cone surface states
which have the spin orientation locked to the momentum
of the in-plane moving electrons, a fact which allows us to
suggest a generator of the spin current without using FM.
Thereat, not only an electrical or thermal gradient, but also
excitation by circularly polarized laser light (as in Ref. [50])
can be used for creation of such a spin current. In this case,
for the registration and transfer of the spin current formed at
the surface, one can propose to use nonmagnetic Pt contacts.
Pt is characterized by an enhanced density of states at the
Fermi level for opposite spin orientations, which is one of
the necessary preconditions for effective spin injection, and
by a high value of the Hall conductivity [52,53]. In particular
for Bi2Te2.4Se0.6, our experiments reveal that contributions of
the bulk conduction band states at the Fermi level are absent
and, therefore, the formed spin current is expected to be fully
determined by the unique properties of the TSSs.
V. SUMMARY
In conclusion, a systematic investigation of the electronic
and spin structure of the topological insulator Bi2Te2.4Se0.6
with enhanced thermoelectric properties has been presented.
Using spin- and angle-resolved photoemission, it was shown
that the Bi2Te2.4Se0.6 compound is characterized by the ideal-
like spin-polarized Dirac-cone topological surface state. The
Fermi level position was found to be located inside the bulk
energy gap, stable over a long time and independent of the
sample temperature. Our DFT calculation results are in good
agreement with the ARPES spectra, demonstrating that the
Dirac state dispersion is determined by the Se concentration
and not affected by disorder within the Te/Se sublattice. Aside
from the topological surface state in the bulk gap, Rashba-type
spin-polarized surface states were observed near the lower
edge of the surface-projected valence band energy gap. Trans-
port experiments revealed that in spite of relative high value
of resistivity, the temperature dependence of the conductivity
in this compound follows a weak metallic behavior, a fact that
implies its effective thermoelectric properties.
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